This series was borne of a long-held desire of the new Editor-in-Chief of PM&R and her former resident (R.A. S.) to improve the ability of rehabilitation providers to apply evidence-based practice principles to patient care, research, and peer review. In short, we are passionate about evidence-based practice and think that every rehabilitation clinician should learn it. And we are not aloneevidence-based practice is a content area on the United States Medical Licensing Examination.
We know from our experience in learning and teaching evidence-based practice that (1) it takes time, teaching by experts, and frequent supervised application to become proficient; (2) the key knowledge base is often undertaught or under-reviewed in undergraduate and graduate clinical education (across all health care fields); (3) learning evidence-based practice is a lifelong pursuit; and (4) translation of evidence-based practice methods to rehabilitation questions can have additional challenges.
The Mission of the Methodology Matters Series
The mission of the Methodology Matters series is to educate rehabilitation physicians and allied rehabilitation clinicians, researchers, and peer reviewers in the principles and application of evidence-based practice using rehabilitation examples.
Objectives of the Methodology Matters Series
Our primary objective is to help our readersrehabilitation physicians and allied rehabilitation clinicians-"read a paper." In other words, we want to help clinicians critically appraise, or independently evaluate and interpret, the primary literature evidence base for clinical practice. We also aim to help clinicians apply other principles of evidence-based practice, such as to understand and interpret summarized evidence (systematic reviews, clinical practice guidelines) and interpret diagnostic tests. We do not expect all rehabilitation clinicians to become experts in epidemiology and biostatistics, but to help them maximize their potential as clinicians by increasing their knowledge of evidencebased practice. Our secondary objectives are to help rehabilitation researchers, peer reviewers, and editors understand evidence-based practice principles as applied to study design, interpretation and presentation of results, writing and organization of a manuscript, and critical appraisal of a manuscript.
Overview of the Methodology Matters Series
In this feature, we give a brief overview of the history of evidence-based practice and the role of two related fields, epidemiology and biostatistics. We discuss the epidemiologic approach to asking questions about human health outcomes, which is also the framework for evidence-based practice. The JAMA Core Competencies in Evidence-Based Practice will form the foundational content for the Methodology Matters series. 2 We routinely link to vocabulary and content from other key evidence-based practice, critical appraisal, and clinical research guidelines and resources throughout the series (see Box 1) .
The primary goal of the Methodology Matters series is to teach the vocabulary and skills necessary to be informed consumers and users of the clinical practice evidence base. Think of this series as, "How to Read a Paper, for Rehabilitation Clinicians," plus some additional topics to help you incorporate evidence into your clinical PM R 11 (2019) CASP (Critical Appraisal Skills Programme) Tools: Critical appraisal tools developed to follow the framework of the JAMA Users' Guide to the Medical Literature, a cornerstone evidence-based practice textbook. [8] [9] [10] [11] [12] GRADE (Grading of Recommendations Assessment, Development, and Evaluation): Guidelines on rating quality of evidence and grading strength of recommendations for systematic reviews and clinical practice guidelines. 13 practice. (If you are a peer reviewer of rehabilitation research, this series is also designed to help you use guidelines and tools for reporting and critical appraisal. And if you do perform research, this knowledge will up your game and help you to collaborate with research methodologists). We give you a parallel from our clinical practice area: We probably do not know as much about the nitty-gritty of microprocessor knees as most prosthetists or prosthetics engineers, who went to school for years to learn how prosthetic components work. But the more we learn about microprocessor knees, the more equipped we are as amputation rehabilitation physicians to work with our rehabilitation teams to provide the best care possible for our patients. We felt like we started to "get it" with respect to microprocessor knees on about the fourth or fifth try. And once we "got it"-once the lightbulb turned on-it made the world of difference in communication with our patients, medical decision-making, and resident teaching. What follows is perhaps your introduction, or second pass, or third pass, in these evidencebased medicine concepts. We say: Stick with it until the lightbulb turns on, and you will be rewarded.
What are Evidence-based Practice, Epidemiology, and Biostatistics?
Evidence-based practice (EBP) (formerly known as evidence-based medicine) integrates external evidence, individual clinical expertise, and patient values and preferences into clinical practice.
14 "External evidence" could come, for example, from basic science research, biomechanics research, cost-effectiveness research, or from clinical research on the accuracy of diagnostic tests, the use of patient or health factors to predict prognosis (eg, chances of amputation by 5 years), or the efficacy of a rehabilitation intervention. Clinical rehabilitation questions that should be informed by evidence-based practice could include, for example: "The x-ray didn't show a fracture. What's the post-test probability of a fracture? Have we essentially ruled it out, or do we need to do a different diagnostic test?" Or, "How much will this patient benefit from acute inpatient rehabilitation as compared to subacute rehabilitation?" Evidence-based practice was initially developed by David Sackett, MD, Gordon Guyatt, MD, MSc, both physician-epidemiologists, and their collaborators. 15, 16 The evidence-based practice knowledge base began as several commentary series on how to read a paper. [16] [17] [18] These series evolved into textbooks that remain the core knowledge base of evidence-based practice. 19, 20 An overlapping group of collaborators including clinicianresearchers, epidemiologists, and biostatisticians then went on to develop research reporting guidelines and formal critical appraisal and evidence summarizing methods that remain widely used (see Box 1). Epidemiologic and evidence-based practice approach to clinical questions = Given a question of a relationship between a characteristic and a health outcome, (1) Conduct a study to look for an association between the characteristic and the health outcome. (For example, using a rate ratio.) (2) Take into account potential sources of bias during the design, analysis, and interpretation of the study.
(A source of bias would trick us into making the wrong guess about the association.) (3) Derive inferences or hypotheses from the observed association. (For example, have we found evidence that the characteristic causes or contributes to the health outcome?) Critical Appraisal = reading a paper with an eye to determine if we believe the results and interpretation of results as presented.
The evidence-based practice knowledge base and key clinical research guidelines and resources are rooted in clinical epidemiology and biostatistics methods.
(1) Epidemiology is the study of health and illness in human populations, or the study of how often disease occurs in different groups of people and why. 21 a. Epidemiology encompasses the goals of describing the occurrence of disease or health outcomes, explaining the etiology (causes of) disease, predicting disease or health outcomes, and evaluation of attempts to prevent disease or improve health outcomes. 21 In modern practice, epidemiologists often subspecialize in fields such as nutritional epidemiology, environmental epidemiology, cardiovascular epidemiology, or chronic disease epidemiology. b. Clinical epidemiology is the application of epidemiologic methods to clinical questions and includes both experimental and observational methods.
22
(2) Statistics is the science of collecting, summarizing, and analyzing data, and is a form of applied mathematics. 23, 24 a. Biostatistics is the application of statistics to biological problems. There is much overlap between the fields of epidemiology and biostatistics, and in fact numerous contributions to epidemiology and evidence-based practice methods have come biostatisticians (eg, Douglas Altman, PhD).
The Evidence-based Practice Approach to Clinical Research Questions
How do epidemiology and biostatistics fit into evidence-based practice? Imagine that we have a clinical question about a relationship between a human characteristic or a potential treatment and a health outcome. The classic epidemiologic approach and thus evidencebased practice approach, which incorporates applied biostatistics, (Box 1) is 25, 26 :
(1) Look for a statistical association between the characteristic and health outcome a. Think of statistical association as some number that answers a "how much?" question.
(2) Take into consideration possible extraneous explanations in the study design, analysis, and interpretation.
b. In other words, attempt to control for possible sources of bias.
(3) Derive inferences or hypotheses from the observed association.
25,26

Rehabilitation Example of the Evidence-based Practice Approach to a Clinical Research Question
For example, a rehabilitation clinical question could be, "Are those who play college sports at higher risk of concussion compared to those who play high school sports?" Gessel et al evaluated this question using data from a high school athlete surveillance system and the National Collegiate Athletic Association's injury surveillance system. 27 What is the Statistical Association Between Being a College Athlete and Concussion?
Gessel et al used the incidence rate ratio, which compares the rate in one group (college athletes) to another group (high school athletes), as the measure of association. They found an overall rate ratio of 1.86 (95% confidence interval 1.63-2.12), meaning the reported rate of concussion was 86% higher in college athletes than in high school athletes. This measure comes from dividing the rate of concussions in college athletes (also reported absolute rates: 0.43 concussions per 1000 athlete-exposures) by the rate in high school athletes (0.23 concussions per 1000 athlete-exposures). Presenting the occurrence of concussions in each group (here, the rate within each group) and a comparison measure (here, the rate ratio) is part of the standard epidemiologic approach. Biostatistics techniques were used to estimate the rate ratio and its confidence interval, which can loosely be interpreted as "we're guessing that the true rate ratio is somewhere in this range, assuming that there is no bias and that appropriate statistical methods were used."
What are Potential Sources of Bias, and Can We Try to Minimize or Account for Bias?
For this clinical question, what are things that could trick us into making the wrong guess for the rate ratio? One could theorize that the surveillance system for high school athletes might be worse than the college athlete surveillance system at detecting and thus reporting concussions when they do occur-this could cause us to guess a lower concussion rate for high school athletes than what actually occurs, and thus to overestimate the rate ratio that compares concussions in college athletes to high school athletes. The authors explained that the high school surveillance system used for this study was very similar to the National Collegiate Athletic Association surveillance system, which could be considered to be a study design element meant to mitigate this potential source of bias. If potential sources of bias are identified, techniques such as multiple regression can be used to control for these, with the guidance of epidemiologists and biostatisticians.
Interpret the Results to form Hypotheses or Make Deductions (eg, Draw Conclusions about cause-effect Relationships), Again Considering Potential Sources of Bias
For example, Gessel et al observed a higher rate of concussions in female athletes compared to male athletes (for high school soccer, the rate ratio comparing girls to boys was 1.68, 95% confidence interval 1.08-2.60). The authors theorized that this might reflect true biological differences, but might also reflect cultural differences such a reluctance of male athletes to report symptoms. In other words, cultural differences leading to an unbalanced underreporting of concussion would be a potential source of bias that was not controlled for in the study.
Why is Evidence-based Practice Important to Me?
Importance of Evidence-based Practice to Health Care Practitioners
In the words of David Sackett, "Good doctors use both individual clinical expertise and the best external available evidence, and neither alone is enough." 28 Understanding the strengths and limitations of the evidence base frees a clinician to incorporate their experience into practice. We do not suggest that a rehabilitation clinician should read and interpret every piece of primary literature relevant to their practice -there is not enough time in the day for that. But, we do believe that every rehabilitation clinician should have a basic proficiency in how to read a paper, because there will come a time when you need or want to read a paper and come to your own conclusions about it. Do I agree with the authors' conclusions? Will this paper change my clinical practice? How will I explain to my patient that I WON'T be changing my decision-making despite this paper they brought in for me to read? Similarly, formal summaries of the evidence base such as systematic reviews, meta-analyses, and clinical practice guidelines use evidence-based practice methodology. All clinicians need to be able to independently read and interpret summaries of the clinical evidence, and learning about evidence-based practice will make them better at this. Finally, in our experience with clinicians who practice in both academic and nonacademic settings, evidence-based practice skills translate into clinical expertise.
Importance of Evidence-Based Practice to Rehabilitation Researchers and Peer Reviewers
We want to help rehabilitation researchers work within the evidence-based practice framework and rules of clinical research. Learning about evidence-based practice enables rehabilitation researchers to fruitfully collaborate with epidemiologists and biostatisticians, to follow internationally used research reporting guidelines, and to conduct research with the best possible chance to be judged as being of higher quality when reviewed by widely used critical appraisal tools. Likewise, learning more about evidence-based practice enhances peer reviewers' ability to evaluate the quality of research.
Summary
The Methodology Matters series is designed to develop your knowledge base and skills in evidence-based practice as applied to rehabilitation. In this series, examples from current rehabilitation research will be used to demonstrate key evidence-based principles and methodologies.
